Abstract. Colour indices and reddening-free Q-parameters in the Vilnius photometric system of B-type stars of all luminosities and A-supergiants are calibrated in terms of effective temperature and surface gravity, using synthetic spectra of the newest Kurucz model atmospheres. The calibration is verified by comparing the photometrically determined effective temperatures and surface gravities with the most accurate spectroscopic data. Satisfactory agreement has been found, proving the accuracy of the calibration within ±0.02 to ±0.05 dex in logT e and ±0.2 to ±0.3 dex in logy.
Introduction
The seven-colour Vilnius photometric system makes possible the quantification of stars of all temperatures in terms of spectral classes and absolute magnitudes or in temperatures and surface gravities in the presence of interstellar reddening. The parameters of bandpasses of the system are given in Table 1 . The system recently was described in detail in the Straizys (1992) monograph. The Vilnius system was calibrated in spectral classes and absolute magnitudes by Sviderskiene and Straizys (1971) using individual stars and by and Straizys, Kuriliene and Jodinskiene (1982b) tising the tabulations of My for MK types of different spectral and luminosity classes. The calibration of the system in terms of temperatures and surface gravities was done by Straizys, Jodinskiene and Kuriliene (1982a) using the tabulation of Te and log</ values for different MK types. The preliminary calibration in terms of Te and log g using the fluxes of the Kurucz (1979) model atmospheres, made at the same time, \vas not published, since the energy distributions in the synthetic spectra, of model atmospheres were found to be of insufficient accuracy to represent real stars. Additionally, the Kurucz model fluxes were available only for the temperatures higher than 5500 K.
Since then, a new set of model atmospheres was computed by one of the authors (Kurucz, 1991) . The calculations of model atmospheres use the new opacities for 58 million lines, additional continuous opacities and improvements in the convection treatment. The new set which was used in the present study includes 410 model atmospheres of solar chemical composition with temperatures between 3500 and 50000 Κ and log g between 0.0 and 5.0 dex. In all the models 2 km/s turbulent velocity was taken. We used the newest version of the fluxes for the solar chemical composition recomputed in January, 1993. Fluxes of model atmospheres with metallicities from [Fe/H] = +1.0 to -5.0 dex and other turbulent velocities are also available. This is the first paper concerning the calibration of the Vilnius photometric system in terms of physical parameters of stars using the new set of Kurucz model fluxes. Here we limit ourselves to temperatures and gravities corresponding to B-type stars of all luminosities and A supergiants.
Calculation of colour indices and reddening-free Q-parameters
Synthetic colour indices were calculated by the formula where F(X) are energy fluxes of stellar model atmospheres, Si (A) and A) are response functions of bandpasses from Straizys (1992) , r(A) is the standard transmission function of the unit quantity of interstellar dust from the same source and χ is the number of dust units. Colour excesses were calculated as differences between colour indices of the reddened and unreddened (χ = 0) models. In the case of reddened models, the values of χ = 0.25, 0.50, 0.75 and 1.00 have been used to obtain the reddening lines and to calculate their slopes in the two-colour diagrams. The last value of Χ gives EQ~V = 1 for the hottest stellar models. The Vilnius system bandpasses are relatively narrow and consequently the system has small band-width effect. As a result, the reddening lines in two-colour diagrams are nearly straight lines, i.e. their slope does not depend on the amount of reddening. However, the dependence of the reddening line slope on temperature and surface gravity is significant and must be taken into account calculating the reddening-free Q-parameters.
The constant in (1) was selected so as to make colour indices equal to zero for the model atmosphere with T e = 35000 Κ and log g = 4. This definition of zero-point makes the synthetic colour indices close to the observed ones.
The colour indices were calculated by two programs. The first one was written by R. Kurucz and it used a 1 Ä step in numerical integration. The second one was written by G. Valiauga and it used a 20 Ä step which is equal to the step of the model energy fluxes. In both cases the coincidence of calculated colour indices is very good: they differ only by a few thousandths of a magnitude in the spectral regions containing strong lines or intensity jumps. Before integration, the fluxes were transformed from the flux per unit frequency to the flux per unit wavelength form (F(A) = F{v)c/A 2 ). The synthetic colour indices for the model atmospheres with T e > 8000 Κ are given in Table 2 . Interstellar reddening-free parameters, Q, for classification of stars in two dimensions were calculated from the synthetic colour indices by the equation
(2) ^mj -ma Colour excess ratios Erni-mi/Em2-m3 were found for every model individually, to make their Q-parameters really independent of interstellar reddening. For the calculation of Q-parameters the G.V. program with a 20 Ä integration step was used.
For two-dimensional quantification of stars the Vilnius photometric system uses the diagram QUPYIQPYV· In some cases the parameter QUXY is useful too. B-type stars of later subclasses can be quantified in the QUPY,QXYV diagram. All these Q-parameters for model atmospheres with Te > 8000 Κ are given in Table 3 together with the corresponding colour excess ratios (for χ = 1.00). Table 3 . Synthetic reddening-free Q-parameters and colour excess ratios
QP.YV 
The QUPYIQPYV diagram for determination of effective temperatures and surface gravities
The QUPY IQPYV diagram for quantification of B-type stars in terms of the effective temperatures and surface gravities is shown in Fig. 1 . For estimation of the accuracy of the calibration, we have used some comparisons with the observational scales of T e and log <7.
The first method of comparison is based on the use of tabulations of the effective temperatures and surface gravities for stars of different MK types. Such tabulations usually are based on careful and critical analysis of the existing determinations of physical parameters of stars.
For such a comparison we have used the tabulation of T e and log <7 for different MK types published by and repeated in the Straizys (1992) monograph. Their T e values were obtained by averaging observational results of many authors. After that, the values of log g were derived by using these T e values together with independent luminosity tabulation and the masses of stars estimated from their evolutionary tracks in the HR diagram. These values of T e and log g can be compared with T e and log g determined from Fig. 1 using the Q-parameters calculated for the intrinsic colour indices of stars of corresponding spectral and luminosity classes taken from Straizys (1992) .
The Kurucz grid of B-type model atmospheres is not given for log <7 < 2.5 dex; consequently, the physical parameters cannot be determined by interpolation for B5-A2 type stars of luminosity class la, which, according to , have their log g values from 2.2 to 1.7 dex. However, for estimation of log g it is possible to use extrapolation of the logg isoline net in Fig. 1 . This cannot be done for the T e isolines, since they show considerable bending in the region of B-supergiants.
Both sets of T e and logg are intercompared in Figs. 2 and 3. Although there is a general agreement in the scales, a number of systematic effects are observable. In Fig. 2 the Kurucz model atmospheres of B2-B5 luminosity V-IV-III stars show T e which are by 1500-2500 Κ cooler than T e in the Straizys and Kuriliene scale. In Fig. 3 the Kurucz models of B1-B3 luminosity V-IV-III stars show logg values by 0.3-0.6 dex lower. However, these systematic differences do not mean that the model atmosphere fluxes are wrong. These discrepancies can be also caused by systematic errors in the intrinsic colour indices which in the case of B-type stars are based on Fig. 1 and from tabulation by .
log g (SK) log g (Kurucz) Fig . 3 . Comparison of surface gravities from Fig. 1 and from tabulation by . The circle is for the ZAMS stars. order of ±0.20 dex. For more detailed comparison of both sets of log g determinations we need more common stars, especially of high luminosities.
Another source of a homogeneous set of spectroscopic log g values are papers published by Kopylov (1970) and Gulyaev et al. (1987) , astronomers of the Special Astrophysical Observatory. The first paper contains log g values of 14 B8-F2 supergiants determined from the widths and strengths of the Balmer lines. The second paper contains 57 Β and A stars for which log g values were determined by the same method plus by the shape of the Balmer jump. Among stars of these papers we find 32 stars measured in the Vilnius system. For all these stars spectroscopic effective temperatures are also given. Comparison of the photometric and spectroscopic logT e and log <7 values is shown in Figs. 6 and 7. The correspondence of both sets of T e values shows the standard deviation of ±0.055 dex, which is twice larger than in Fig. 4 . A systematic deviation of T e at B5 (logT e between 4.17 and 4.26 dex) is present.
In the case of log«/ (Fig. 7) , the scatter of stars is also larger (±0.32 dex) than in Fig. 5 . Among higher luminosity stars, very good agreement of log <7 is found for 7 Lyr (B9 III), 7 UMi (A3 II-III) and η Leo (AO lb). The stars α Cyg (A2 la) and β Ori (B8 la) are also near the 45° line but for determination of their photometric log g we have used some extrapolation of the net.
The zero-age main sequence in the QUPY ,QPYV diagram
One more possibility to check the validity of the model atmosphere calibration of the QUPY ,QPYV diagram concerns the zero-age main sequence. The comparison of its position in the diagram with respect to the log g isolines can give us information how the model atmospheres correspond to the real stars in the high gravity range.
For the determination of the zero-age main sequence in the diagram, we used observations of 82 B-type stars in the Ori OBI association Orion Belt subgroup (Warren and Hesser, 1977) . These stars have been observed in the Vilnius system by K. Cernis and kindly provided to us before publication. Fig. 8 shows the plot of these stars in the QUPY,QPYV diagram together with logy isolines for 4.0, 4.5 and 5.0 dex. One can see that the majority of points are grouping around the isoline with logy = 4.5. This is in close agreement with the tabulation where the values logy = 4.3 dex are given for the B-type ZAMS stars. log T. (Kopylov et al.) log T, (Kurucz) Fig. 6 . Comparison of effective temperatures from Fig. 1 and from Kopylov (1970) and Gulyaev et al. (1987) . log 9 Fig. 7 . Comparison of surface gravities from Fig. 1 and from Kopylov (1970) and Gulyaev et al. (1987) . 
Possible ambiguity of the calibration
As it was noticed by Kurucz (1991) , one must not expect that the available model atmospheres represent the real stars exactly. There are physical and composition factors, affecting the synthetic spectra, which are not taken into account in calculations of the models and their fluxes. The main parameters of the present set of model atmospheres are the effective temperature, surface gravity, metallicity and turbulent velocity. Some other effects are important in the atmospheres of hot stars: variations of helium abundance due to diffusion in the atmosphere, variations of the CNO group abundance in different stages of nuclear and mixing evolution, rotational effects due to variations of T e and log g along the surface, etc.
Consequently, we do not expect that the calibration of a photometric system with a grid of models will give us exact T e and log g for any star measured photometrically. A real star can be different from the photometrically closest model by abundances of elements of the iron group, CNO group or helium, by rotational velocity, by the aspect of view or by turbulent velocity. When all these parameters are unknown, we are able to determine only statistically correct values of T e and log g. Their accuracy can be estimated by making special model atmosphere calculations, changing values of all possible factors influencing the structure of the atmosphere and the synthetic spectrum.
In this paper, we are able to estimate only the effects of the turbulent velocity and of the scaled solar metallicity. We have calculated QUPY and QPYV parameters for VT = 4 km/s and compared the results with Table 3 data calculated for 2 km/s. In the temperature range >10000 K, the differences are sufficiently small: \AQUPY\ < 0.005 mag and \AQPYV\ < 0.007 mag. Thus, in the photometric classification of B-type stars, the turbulence differences may be neglected.
The dependence of the Q-parameters on metallicity is much more complicated. For log <7 = 4.0 dex, the parameter QUPY at Te > 10000 Κ is relatively insensitive to [Fe/H] Fortunately, most of B-type stars of Population I in the Galaxy are young objects and their metallicity is close to solar. Thus, for them, metallicity effects on QUPY and QPYV, exceeding ±0.01 mag, are not expected.
Conclusions
The calibration of the colour indices U -Ρ, Ρ -Χ, X -Y, Υ -Ζ, Ζ -V and V -S and the reddening-free parameters QUPY,
QPYV·, QUXY
and QXYV of the Vilnius system for early-type stars in terms of the effective temperatures and surface gravities is done, using the synthetic spectra of the newest Kurucz model atmospheres. The calibration of the basic reddening-free diagram QUPY, QPYV for quantification of B-type stars of all luminosities as well as of Asupergiants, is verified using the spectroscopic logTe and log g data determined in high-dispersion studies. The photometric values of logTe coincide with the spectroscopic data from Cayrel de Strobel et al. (1992) compilation within ±0.02 dex and with the Kopylov (1970) and Gulyaev et al. (1987) data within ±0.055 dex. For logg, the coincidence is ±0.2 dex and ±0.3 dex, respectively.
The new calibration can be used for determination of Te and logg of B-type stars of all luminosities and A-supergiants, replacing the earlier preliminary calibration by Straizys et al. (1982a) based on the average values of T e and log g for different spectral and luminosity classes.
